Boldo (Peumus boldus) is a medicinal tree or shrub native to the Mediterranean climatic zone of Chile. The perennial leaves are used in medicine for their digestive, choleretic, and liver-protection properties. The total production of 1,500 t dried leaves per year is wild crafted. Three different boldo populations were chosen for selection purposes and their progenies were studied for alkaloid and essential oil production. Thirty individuals were analyzed in each wild population in 1996 and 2002. No differences in essential oil concentration (1.3-1.6 ml/100 g dry weight (DW) were found for these populations. Progenies were grown for five years under the same field conditions and analyzed over the last three years. The progeny of the northern population had significantly higher essential oil content than the others (3.5 ml/100 g DW and 2.0-2.6 ml/100 g DW, respectively) and showed the highest alkaloid concentration in its natural habitat (0.34% versus 0.20 and 0.22%, respectively) but progenies did not differ in alkaloid content (0.17-0.20%). Wild populations had significantly higher alkaloid concentrations than the cultivated progenies but lower essential oil content. The progenies of the northern and central population showed differences in essential oil content between half-sib families. As boldo is a dioecious species with cloning difficulties, populations rather than individuals should be selected. Results of this study suggest that future cultivation of boldo use seeds from populations with the highest essential oil and alkaloid concentration.
INTRODUCTION
Boldo (Peumus boldus) is a Chilean shrub or tree whose leaves are used in natural medicine for treating liver and digestive problems. The production of about 1,500 t of dried leaves per year is currently wild crafted, implying heterogeneity of plant material due to genetic variability between individuals or populations and environmental factors to which the different plants are exposed. Domestication studies were carried out to guarantee homogeneous plant material. Germination techniques, as well as distribution of the essential oil and alkaloids have been reported before (Vogel et al., 1996) . Population studies by Vogel et al. (1997) indicated that wild populations from the central region of the natural habitat had higher essential oil concentrations than those of the northern and southern regions, whereas alkaloid contents were greater in the northern population. One-year-old progenies showed no differences in alkaloid concentration between populations (Vogel et al., 1999) . In order to select populations with the highest essential oil and alkaloid contents, a three-year study of the progenies cultivated in the same conditions and compared with the natural populations in vivo was initiated.
MATERIALS AND METHODS
Essential oil, ascaridole, alkaloid and flavonoid contents were determined for leaf samples of thirty individuals obtained from natural Peumus boldus populations located in the north (33°S), central (35°S), and southern part (39°S) of their natural habitat in Chile in the summer of 2002.
Progenies of the same populations were grown in 1997 and cultivated in the Universidad de Talca (35°S), located in the central region of the natural boldo habitat. Twenty-four individuals were studied from the northern progeny, fifty-four from the central, and thirty-four from the southern. Within each progeny, half-sib families were formed for the plants obtained from seeds harvested from the same mother plants. Leaves were analyzed for essential oil and alkaloid content every summer over a three year period from 2000 to 2002.
Concentrations of alkaloids and flavonoids were determined in dried leaves by the spectrometric methods described by Franz and Koehler (1992) . Essential oils were hydrodistilled from dried leaves using a Clevenger type apparatus. Ascaridole was identified and quantified by GC-FID (Shimadzu 8A) and GC-MS (Perkin Elmer) using two fused silica capillary columns type HP-5 (5% Phenyl Polysiloxane, 30 m x 0.2 mm, 0.25 µm). Analytical conditions for GC-FID and GC-MS were as follows: carrier gas helium, flow rate 1 ml/min, detector and injector temperature 200°C, split ratio 1/50, oven temperature 80-250°C at a rate of 10°C/min, initial time 3 min. Volatile compounds were identified by their retention indices and mass spectra and compared with those given in the literature and our data base. Flavonoid and ascaridole content were determined for cultivated plants in 2002.
The Statgraphics system's analysis of variance procedure was used to identify significant factors (alkaloid and ascaridole content) and Fisher's LSD was used to separate means (α ≤ 0.05). Essential oil and flavonoid contents were analyzed by the Kruskall-Wallis test.
RESULTS AND DISCUSSION

Alkaloids
Leaves obtained from native trees from the northern population showed the highest alkaloid concentrations (0.3%), compared with those from the central and southern populations (0.2%) ( Table 1) . Similar results were obtained in 1996 as reported by Vogel et al. (1997) .
When compared with the cultivated plants, wild populations had significantly greater alkaloid concentrations, especially the northern location. Environmental conditions of the northern habitat may favor alkaloid production or translocation to the leaves because the northern population relocated to the central region and planted in the field lost its high alkaloid content (0.17 to 0.20% for all origins). Cultivated plants did not reach the minimum 0.2% required by the French pharmacopoeia (Muñoz et al., 2001) .
In a three-year study of the same plantation no significant differences between populations and among half-sib families of the same population could be observed. Only in the progeny of the southern population two half-sib families differed significantly in their alkaloid content (0.09 versus 0.22%).
We conclude that phenotypic variation in leaf alkaloid content observed in the natural populations is due to environmental factors rather than genetic traits.
Essential Oils
Natural populations analyzed in January 2002 for essential oil content ranged between 1.32 and 1.63 ml/100 g of dried leaves (DW) and showed no significant differences between geographical locations (Table 1) . These results did not confirm the analysis carried out in 1996 in the same populations, where essential oil concentration was found to be significantly higher in the central region, reaching 2.0% (Vogel et al., 1997) .
Leaf collection in situ and from cultivated progenies in January 2002 showed for all populations a significantly higher essential oil content of 2.72 ml/100 g DW in the cultivated progenies than that of 1.65 ml/100 g DW in wild plants. These essential oil levels may be explained by the fact that younger leaves and those grown at the basal sprouts are richer in essential oils than leaves from upper parts of the tree (Vogel et al., 1996) . Cultivated boldo plants are harvested regularly and only young leaves with high essential oil content are produced. Wild plants did not reach the minimum of 2 ml/100 g DW reported by Muñoz et al. (2001) while cultivated progenies surpassed this value in all plants from all locations and in all years.
Cultivated plants from the northern location showed the greatest essential oil concentrations averaging 3.6 ml/100 g DW over three years. Differences in essential oil content by location appeared to be significant in 2000 and 2002.
These differences can be attributed to genetic effects as the essential oil content of northern progeny stands out when compared with the cultivated progenies from other locations and because of the differences between half-sib families in the northern (2.8 to 5.1 ml/100 g DW) and in the central population (1.9 to 3.4 ml/100 g DW).
Ascaridole
Ascaridole is one of the main compounds found in the essential oil of boldo leaves. Northern and central natural populations had significantly higher percentages of ascaridole (49-53%) than the southern population (28%). Similar results were found in 1996, where the northern and central plants reached between 50 and 58% while those from the southern population only 30% (Vogel et al., 1997) .
Ascaridole content in the essential oil was less in leaves collected from wild plants (43.2%) than in leaves collected from cultivated plants (66.1%). We believe that ascaridole content in the essential oil is influenced by environment and is not due to genetic variability because ascaridole levels in cultivated plants obtained from any location did not differ. Collection in the southern region of the natural habitat is recommended if low ascaridole content in the leaves is required.
Flavonoids
Flavonoid concentration was only analyzed in 2002 in natural and cultivated plants. Cultivated plants showed higher contents than wild plants with 0.51 versus 0.27%, respectively. In natural populations significant differences between geographical locations were observed with the highest flavonoid concentrations in the southern region (0.41%) and the lowest in the central (0.15%). Progenies obtained from northern, central and southern locations had concentrations of about 0.52-0.53% when grown in the central region.
CONCLUSIONS
The highest alkaloid content was found in the northern population, but their progenies did not differ significantly from the other populations when planted together in the central region. We believe that environmental factors affect phenotypic variability of the phytochemical factors we measured.
The essential oil concentration in all wild populations showed low values, whereas the cultivated plants were richer in this active compound, especially those obtained from northern locations. Progenies of the northern and central population even showed differences among half-sib families of the same location. We conclude that the genetic condition of a plant affects the essential oil concentration of Peumus boldus. One of the main constituents of the essential oil, ascaridole, appeared to be influenced more by the environment because when planted in the central region progenies of all locations showed the same concentration. Ascaridole content was significantly lower in all natural populations than in cultivated plants.
The cultivated progenies also showed higher flavonoid concentrations than wild plants but did not differ between locations when plants were grown in the same environmental conditions. Franz, G. and Koehler, H. 1992 
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